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ABSTRACY

T'wo ditnienisional positior I-sin isitive silicott detectors (“I natrix detectors™) 1aiave been designied, procured, an I1d
testedas part of the developienit of thie Solar lsotope SP ectrorneter (81 8) instrurment for N'’ASA’s Advanced Cor -
position Fxplorer (ACYS) mission. Iimportant characteristics of these devices include: thickness ~ 50 90 jan, active
arca 34 c1n?, 64 strips on cach s rface with 1 min sbrip piteh. Thie SIS instrament uses four such detectors, processing,
signals frorn cach of the 512 individual strips with a separate 12-bit pulse height analyzer implanented with custonn-
designied VLS circuits. A scl of 25 matrix delectors have beer 1 characterized thivouglt a variety of tests intended
both o select the best candidates for uscin the flight instyw nicnit ar 1d to provide the ealibrations needed to intery met
Mligd it dat a. We discuss the design of the SIS 11 at ix detectorsar 1d present selected 1esults fromihe detector trots
that have been performed.
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1. INTRODUCTION

The Solar Isotope Spectrometer (S1S) is once of nine instruents curt ently under developinent. as the scicntific
payload for the Advanced Composition Explorer (AC) ) mission. This instrument cornpl ament includes G miajor
11 1ass and/or charge spectroineters wl nid), as a g 00h,  ave al sle tostudy heavy nuclal over ar energy range frorn
~ 1keV/nucleon to nearly 1 GeV/1ceo 1. This payload will enable definitive studies of the abundances of nearly
all isotopes frorn 11 thirough 71 (1 <7 < W), igure 1shows t he chiarge and eniergy ranges that. will be studied with
cacl) of the ACK instruments. The scientific Problems which will be addressed using, tile.sc Dicasurciments have been
1 eviewed by Stone el al?.

1.1 SIS measurement objectives

Phie SIS instrument is designied Lo provide elemerntal and isotopic resohution over the energy range from ~ 10 to
~ 200 MceV /nucleon. These measurements will be used in the study of solar energetic particles (S151°s), anomalous
cosmic rays (ACRs), high energy particles accclerated in the irterplanctary medimn, and low-energy galactic cosmic

rays.
1.2 The S1S instrument

Tomake the intended measuraments, S1S uses a sensor system consisting, entirely of silicon solid state detectors,
The detectors are arrantged i1 | two identical “sta cks”, one of which is illustrated inligurc 2. 1 ‘article identification
is based on measuremaents of a particle’s energy 108S, A5, andtotal chergy, 14, as it penetrates a detector (thickness
1.) and comes to rest in the remaining portion of the detector stack:

Lsce @ Ry (I5/M) Buar (5 - A B)/M), 6]

whaere 1y pr is the tabulated range of a particle of atomic munber 7 and mass number M as a function of the
particle’s energy per nucleon. The sec 0 factor takes into account the increased path lenglh traversed by a particle
incident at an angle @ front the normal to the detector surface.

The bottom portion of the stack cousists of 15 large-avea (65 @n?) silicon diodes from which the encrgy loss
measurements (72 and AT in Yog. 1) are obtained. These detectors are discussed in another paper at this conference?.
T'he 9.1 e {otal thickness of silicon in this stack cstablishes the upper cuergy limit of the SIS instrument.
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Figure 1. Range of energics and atomic mwmbers over which cach of the ACH instruments will
make measurem enls. The top panel shows the intervals over which isotopes will be resolved and the
sccond panel shows the inlervals for charge resolution. The botlom {woe pancls show the energics
over which hydrogen and helivim will be measured.

11 front of the energy loss stack the instrument requires a t rajectory-incasuranient systein capable of providinlg
both the angle of incidence, 0, and the position at which cacl i particle penetrates the subsequent detectors. This
1 at terinforinationt is needed for 1nakin!g correctionis for the spatial normmnifor nities of the detector thickniesses and
for dliminating background particles such as those which exit thirough the edge of the stack before coming 10 rest.

2. SIS“MATRIX” 1ETECTORS

2.1 Requirements and design

In SIS the trajectory systam is implanented using pairs of two dimensional position sensitive silicon detectors at
the front of cach stack. These devices, referred 1o as “matnx” detectors, have their front and back clectrical contacts
scgmented into parallel strips with those on opposite surfaces running in perpendicular divections.  ach surface
has 64 strips with a T pitch and with gaps of 40 an between adjacent strips. This strip geometry, together
with the Gem spacing between the two matrix detectors, provides an ris angular resolution ~ 0.2- 0.3, With this
resolution the contribution of the trajectory uncertainty to the errors in caleulated particle masses will be less than

Wicdenbeck Page 2




Figure 2. Nlustration of onc of the two sil-
icon deleelor stacks used in the SIS instru-
mend. The top lwo delectors are the matrie
detectlors discussed in this paper. The ver-
tical separation of 6 con between these two
detectors provides the lever-arin needed 1o
achicve the desired angular resolulion, given
the 1 mmn pitch of the deleclor strips. DBe-
low the matriz detectors are 15 large-area
detectors used for measuring particle encrgy
losscs.

the ¢o ntly ibution from fundar nental effects such as energy loss fluctuations, charge state fluctuations, and multiple
scallering.

The low CHOTEY particle populations to be studied using 1S Whically exhibit encrgy spectra which fall vapidly
with inereasin® encrgy. Thus 818 is designed to have a relatively low thiveshold eniergy. This energy threshiold
is delermined, primarily, by the amount of material a particle st penetrate in order 1o provide a sct of signals
suflicient Lo identify its charge and mass. 1 ligh resolution mcasurements can be achievect for particles which penctrate
the first detector (100 jou thick) inthecnergy 10ss stack atdstopinthe sccond detector, ‘1 hecombinedthickness of
the two matrix detectors should not be SIg nificant ly greater than this 1 g0 yan thickness. In fad, because thematrix
detectors provide pulse height as well as trajectory inforiniations, it Should be possible to identify many of the particles
whicli stop inthe first energy 10ss detector, or eveninthe seem Id matrix detector. SIS was designed to use matrix
detectors wlhichiare 60 21 10 yan thick, althoughin the course of developing thiese detectors we tested devices raniging
from 50 yan to 90 jan. With the nominal GO jan matrix detect or thickness e ncla require1nininnun energics of
13.:3 MeV/1ucleon 017 19.2 MeV /imcleon to reachi thefirst andsccor Id energy 10ss detectors, respectively (taking into
account the thickness of the thinkaptor window that covers the SIS instrument).

The S1S instrument needs 1o be able Lo make measuren ents during, large solar encrgetic particle events in
whidi the 1 icavy nuclei of interest can be acconpaniiced by i ntense fluxes of protons and alpha particles.  Under
these cit cumstances there is a high probability that more than one particle wilt enter the matrix detector within thie
resolving time of the instrumenit. This effect is particularly severe for the front matrix detector which has minimal
overlying 1naterial to stop very low energy particles and which has a lar 66 unohstructed field of view. To workinithis
high- rate envirommnent, cach of the S1S matrix detect or strips is insts WCHied with a separate pulse height analyzer.
‘1 ‘'his reduces the arca over which pile-up can ocenr by a factor ~ 50 (detector arca/strip an cm). In some cases it
shonld also allow us to select which of sever/11 coiticident tracks though thenatrix detectors produced the observed
signalsinthe eniergy 10ss stack.

T'o produce the large number of pulse height analyzers needed for the S1S instrinent (512in all) within the
power, sire, andinass constraints of a spaceflight inst rment, a custorn CMOS VIS cireuit was develop XXI. 43 his
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device, desaribed by Cook el al.®, contains 16 chanmnels of charge sensitive amplifier (CSA), discriminator, sample
and-hold, and 12-bit Wilkinson run-down ADC. Four of these dreuits are used for processing signals from the 64
strips on caclt surface of a matrix detector, Yach strip is DC coupled to an amplifier input, and the VI.S] cireuits
usced Lo instrument the strips on the biased side of the detector are referred to the deteetor’s bias voltage (in the
range ~ 5 to 30 V) rather than {o ground.

I addition to integrating the signals produced by the darged particles passing througl the inatrix detector,
{110 (CSAs also imtegrate {he detector leakage current. *J] ais cuttenit is approxitnately canceled by the injection of a
corresponiding eurrent, of the Ohposite signi fronn a current-ontput. digital-to analog converter (1NDAC). I addition, a1
clectronic switch is periodically used to discharge the CSA’s integration capacitor.

2.2 1 detector fabrication

The S1S mat ix detectors were fabricated by Micron Serniconductor 14 d., based onspecifications developed ty
the SIS collaboration. A's the starting material Micron used lapped and polished wafers cutl from 75 mm diamcter
boules of high-1 esistivily n-lype silicon. The use of 75 nimn diamcler silicon for the matrix detectors rather than
100 nimanaterial such as that used for the detectors in the ener gy loss stack was dictated by considerations of the
fragility of these thin wafers and the risk of breakage cither during, fabrication or during, launch. Isven witl 1 the
75111111 diamectermaterialwe experiencedarather jow yield duc to breakage during manufacture. The detector itsell
has an octagonal shape (sce Iig. 2), which is a compromise between maximizing, the usable detector arca fi o the
round diameta wafer and sin iplifying various fabricat ion oper ations.

Sclective irnplantation of borotn ions was perforiiied orronie surface of the detector to foil nthe pn junctionand
produce p type strips separated by 1 1arrow n-type gaps. 011 theother (ohmic) surface, ! strips were P roduced using
arsenic implants. 19 ch sirface of a matrix detector has a “puard ving” suwrrounding 1] e aclive area containing the

strips. This guard, whicn is left floating, is iutended to reduce the leakage curren it to the strips.

A relatively high resistance (2100k§2) is required between adjacent strips on both detector surfaces. There are
small diflerences (S10mV) between the offset voltages at the inputs of the various CSAs, and when these voltage
differences are imposed across the interstrip resistance they contribute to the leakage currents secn by the amplifiers.
These carrents must, be kept sinall enough so that they can be nulled with the IDACs. In addition, when a particle
produces ionization charge in the detector there is a voltage change on the hit strip (approximately the signal charge
divided by the strip capacitance) which lasts until the CSA is able to respond by collecting the charge from the strip
and relurning it Lo its normal potential. While the strip’s voltage is displaced from its steady state value some of
the signal charge can flow to adjacent strips through the interstrip resistance. Thus the interstrip resistance should
be made large to minimize this charge sharving, between adjacent. strips.

The implant. structure on the junction side of the detector, p? strips separated by n-type gaps, tends naturally
to produce thie highi resistance characteristic of a reverse biased diode structure. 1 lowever, on the ochmic surface of
thie detector whiere we hgve 127 strips implauted in n-type material the interstrip resistance depends erit ically on
the resistivity of the silicon wafer. Commonly this resistance is simaller than the value required for good isolation of
the sty ips, To increase the interstrip resistance on the ohmic side of the detector, Micron Semiconductor has used
two diflerer It approaches. On sol ne detectors they inmplanted anextrasct. of narrow p'lines centered alonig the gaps
b etweenthe strips. This produces i] pn diode structure similar 10 that onthe junction side of thedetector and tends
to yield excellent isolation between strips. 1 Yowever it has proven diflicult to aceuratcly place this ~ 10 jan wide line
along the center of the 40 jan wide &3P between strips because of the lack of suflicient flatness and sti ffness of the
thin detector wafers, Tri the other isolation techimique, an esthnate is tnade of thie deusity of acceplorions (typically
boron) that must be implanted into the olimic Sill’filCC to balance the density of donors in the material and raise
the swface resistivity 1o acceptable levels. Thieri the entive smlace is implanted with a “1)01011 spray” designed to
achicve the appropriate aceeptor density. While this technique catn yield interstrip resistances intherange we need,
it is diflicult, to control ar Id often results nnunaceepta bly jow resistances.

Kacl 1 comnpleted natrix detector wafer was bonided into a G 10 civeuit board rnount (Ifg. 2) usitig a silicone
compound. The cocflicient, of thermal expausion of the G 10 is very similar to that of silicon, and the silicone is
so] newhat flexible, so the detectors can be operat ed over a wide temp erature range withiout unduc 1neclanfeal stress.
Fach strip onthe detector was wire-bonded Lo a correspouding pad on the mount using, two or three 25 pan ahunimun
wire bonds for redundancy. The detector 1nount is a imiltilayer structure inwhich one of the inner layers is a kaptor
“flexi-strip” used Lo britig outl two scts of signial traces for connection to the external cireuit board cont aining the
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readout electronics. The mount is designed to have no dectrical traces on the outer surfaces, allowing the mount to
be preciscly machined to the desived dimensions after it is fabricated by a printed circuit board vendor.

3. DETECTOR TEST "ROGRAM

The completed matrix detectors were subjected Lo a variety of tests both at Micron Semiconductor and in our
laboratory. These tests are intended to verify that the device characteristics meel the SIS requirements, to scelect the
best of the available matrix detectors for flight, and to sereen out any of the detectors which may be prone to failure
during, or after launch.

3.1 Operating bias, lcakage current, and noise

Initially the strips on cach surface of the detector are shorted together and measurements are made of the full-
area characteristics of the device. Typical depletion vollages for the mnatrix detectors are ~ 4 to 6V. At depletion the
total Jeakage current typically is in the range 0.3 to 1.5 pra. Detector noise is measured using, pulse shaping clectronics
with a peaking time ~ 2.4 p1s, 10 obtain a bandwidth comparable to that of the flight dlectronics. At depletion the
noise is typically in the range 100 to 200keV full width at hall maximum (IF'WIHM).

The maxiium operating bias for these detectors tends o be poorly delined and to vary significantly from onc
device to another. In some cases the bias is limited by a sharp increase in the noise, while for others the noise shows
no such abrupt increase but the leakage current continies to rise with increasing bias. 11 we impose a somewhat
arbitrary limit of 10t on the overall leakage current, we find that maximmn operating biases range from about 10V
for some detectors to greater than the 30V limit of the flight bias supplic for others.

3.2 DC characteristics of strips

To determine whether the characteristies of the individual detector strips are compatible with the readout
circuitry, a set of strip by-strip DC measurements ave made. First, all of the strips on the ohmie side are counceeted
o ground through individual 10k$2 resistors and all of the junction-side strips are conmected through similar resistors
to the desired bias voltage. The voltage drop across cach resistor is mcasured with a high precision digital volt meter
(DVM) and the leakage current is caleulated. (Note that a 1 pa strip current through the 10 k2 resistance canses
only a 10mV change in the voltage on the strip.)

To obtain a measure of the interstrip resistances, we use the same setup as described above but add a sclected
oflset 1o the voltage applied to one strip at a thne and measure how nch the carrent. for this one strip changes.
We calenlate a limit on the interstrip resistance by taking the ratio of the applied voltage oflsct 1o the change in
current. of the strip to which it is applied. This is done for several oflsct voltages ranging from 10mV (typical of
differences in the input offsets of the CSAs) to 1V (approxinately the largest voltage excursion expected on a strip
duc to a particle which produces a full-scale signal in the pulse height analyzer). These strip by-strip measurements
of leakage currents and resistances have been automated by using a computer to control a set of relays that make
the necessary strip commections and commercial 119488 inst wmentation to apply the detector bias and strip oflset
voltage and o measure the voltage drops across the resistors.

Iignre 3 shows a scl of strip Jeakage current and resistance measuranents made for one of the best matrix
detectors we have studied. On this detector all of the strips hiave leakage currents well below the ~ 1 pra limit of the
1IDAC, and all of the interstrip resistances exceed 1 MSQ. This particular detector was fabricated using a p? implant
structure to achicve good strip isolation on the ohmic side.

On some detectors we find a small nmmber of strips (one or two) with high cwrrents in extreme cases thes
strips account for most of the current measured for the entire detector. A more serious problem is encountered on
many of the detectors fabricated using the boron spray isolation process. For these detectors we of ten find that nearly
all of the strips on the ohmic side have resistances less than our 100 k2 limnit, sometimes so low that we can only tell
{hat {he resistances ave Iess than the 10kQ resistors we use for making the crrent measurements. lowever, a few
of the boron-spray detectors that we tested were found to have interstrip resistances comparable to those obtained
using the p! hmplant structure,

3.3 Vacuum and temperature tests

n space the SIS detectors will operate in a hard vacuum within the temperature range 206G o' 5C. In addition,
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Measurcinents of DC chavacteristics made for one of the matriz delectors (1’SD022). The pancls
on the lefl show measurcments made on the junction surface of the delector and the pancls on the vight show
mecasurcments from the ohmic surface. The upper plots show the leakage current measurcd for cach strip
and the lower plots show the resistance between cach strip and neighboring strips. All of these measurcinents

were made with 7'V bias on the detector. The resistances were measured by applying vollage offscts of 0.01'V
(1), 0.1V (x), and 1V (o) to individual strips and measuring the change in the current Jor the offset strip.

Figure 8.

they need to be able Lo survive (non-operating) without degradation over temperatures from - 35C to 40C. A mumbcer

of tests were performed to chieck that the devices could tolerate these conditions.

Micron Semiconductor carried out thermal cycling and thermal soak tests intended to aioi, marginal devices
before we receive them. In the thermal eycling test the detectors were subjected, without bias, to 10 cycles
100 and 40C. Tor the thernal soak test they were operated with bias for 24 e at - 40C and :,ML:. at 40C
the thermal soak the detectors were not continmously nonitored, but leakage current mcasurements were made al
Typically no problems were cncountered daring; these tests.

between
During,

several points in the test.

At Calteeh, scts of matrix detectors were put through a thermal- vacuun (TV) test with a duration of 2 to
A vacuum of ~ 1 x 107 6 torr was typically maintained. Following an initial several days at 20C the
raised to 35C and maintained for at least o week. Near the end of the run the temmperature was
for 1 to 2 days and then returned to room tempaerature. We had previously put the SIS energy loss
, also manufactured by Micron) through shnilar TV runs.

3 weeks.

itemperature was
reduced to - 25C
detectors? (large arca, single-avca ion implanted detectors
With few exceptions those detectors proved very stable m_:.:;_ the TV runs, showing cssentially no changes except
those associated with temperature-dependent variations of the leakage current. In contrast with this behavior, a
munber of the matrix detectors exhibited significant changes in their noise and/or leakage carrent in vacumn. Most
commonly the noise level increased sharply when the matrix detector was fivst placed in vacuum, as compared with
the noise measured in air at the samne temperature. This clevated noise level tended Lo slowly drop over the course
of the run, while exhibiting, fluctuations by tens of percent over time scales of a few hours The data
suggeest that the noise level is gradually becoming, more st table over the course of the run, but a longer duration test

to a few days
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will be needed to adequately check this.
3.4 Vibration and acoustic tests

1 n order to assure that they will survive the vibration and acoustic e IVirg] nnient to which they will be subjected
during, the ACIES launch, the S1S 1natrix detectors have individually been tested to appropr iate levels. The vibration
tests were avranged by Micron Serniconductor ar Id conducted by one of several 1 3ritish firny s, Therandon vibration
test had o duration of 1 minute and a power spectrum extending, frony 20 to 2000 11z, with an overall amnplitude o f
1 5.2 grins. Nearly all of the Inalrix detectors passed the vibration test without p roblams.

T'he acoustic level expected during, the ACE launch, reaching ~ 138 dB around 5001z, is particularly severc.
I order to protect the thin matrix detectors the SIS instrument has a deployable cover which will be closed during,
laitich. We have performed extensive acoustic tests to check the eflectiveness of this cover in protecting the detectors
and to verify that the detectors will be able to survive the acoustic loads they experience inside the closed instrument.

‘1 ‘ests Of the eflectiveness of the S1S acoustic cover indicated that the 1highest level that should be expericnced by
the matrix detectors inside the closed instrument is 132 d13, which occurs when thie spaceeraft is being qualificd at
3 dB3ab)O\ ' thelevelanticipated for 1 aunch. 1 detectors were sercened at alevelof 1 35 dB. Il allbuta few Cases the
thir silicon wafers survived this acoustic level. However, onamunher Of detectors the acoustics caused the 1oreakage
of asignificant i nber of thie wire bonds used for clect rical corniection of the detector st rips Lo traces on the printed
civenit board mounit. We were able to sclect a flight set of matrix detectors for which few, if any, wire bonds broke
during, the acoustic ser cening,.

I the course of investigating acoustic effects on the matrix detectors Micron Semtconductor fabricated a number
of devices using, silicon wafers with a (100) crystal orientation rather than the (111) orientation we norally were
using.  The expectation was that this material should be mechanically stronger and therefore less susceeptible to
breakage due to the acoustic Joads. In our acoustic screening tests, however, we have not seen a clear diflerence
(up to 135dB) in the performance of the wafers. Similarly, we have not observed a corrclation of the problans
exparienced in the acoustic tests with wafer thickness. We suspect that the broken wire bonds are probably due o
problems with the quality of the bonds rather than to the thickness of the wafer, particularly since detectors with
bond-breakage problems cormmnonly show indications of carlier failed bonding, attempts on some of the pads.

3.5 Alphaparticle tests

Tests with radioactive sonrces of alpha particles (4" Cinand 228 h) were carried out to chicck the uniformity of
cacll matrix detector’s response atig the uniforinity of its dead 1 ayers. Most importantly, a coarsely collitnated 244 Cm
source was scar med over the detector, ar 1d pulse heighit spectra were 11 casured at cachi of a large imunber of points
distributed over the detector swi face.  We found the response to be completely uniform, to within the accuracy of
the measurernents. 14 on the data we are able o set anupper limit. of 0.2 jan (silicon equivalent) o11 the thickness
variation of the dead layers. We have not yet derived the absolute thicknesses of the dead layers, but expect. them
to be 110 more than 2 7an based on inforination from Micron Seimiconductor.

4. AC CELIRATOR TESTS

I'he 1nost detailed information about the matrix detector per foriance comes from aceelerator tests of the flight
instrument, since in this configut gtion the matrix detector is instrumented for measuring the pulse height on every
strip. T'wo sud 1 aceclerator tests have been donie: a prelitninary test was carried out at t he Michigan State University
(MSU) cyclotr o1 in February 1996, and a more extensive test was done at the Gesellschaftfinr Schwerionen forschung;
(GS1) accelerator i 1 arnnstadt, Gernany in June 1996,

1 nthe following praragraphs we discuss sornie of the initial results frointhe GSIrun. For that test we used
beans of “SFeat 300,” 500,” and 700” MeV /1mcleonand 180) &l 300 MceV /uucleon. 71y, addition, we used othar nuclides
produced from the primary beamns by fragmentation ina Cllg t ar get.

4.1 Position mecasurcements

Whanr the SIS instrument is exposed to a parallel beamn of heavy nuclel there should be a constant diflerence
in the (2, 4) locations al which the two matrix detectors in the telescope are penctrated. Thus a simple check
of the detectors’ position response can be obtained by looking, at the distribution of differences between the two
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locations. Iigure 4 shows histograms of differences of the strip munbers with the maxinmun pulse heights in the two
matrix detectors. These data were obtained from a ran in which a 500 MeV /nucleon 561
cucrgy and fragmented to produce a wide range of nuclei stopping, thronghout the entire depth of the encrgy loss

‘¢ beam was degraded in

stack. As expected, the position difference histograms contain sharp peaks centered at values consistent. with those
calenlated from the direction of incidence of the beam. The widths of the peaks contain contributions due to the
anpular dispersion of the beam, which is caused by the accelerator’s beam optics, multiple scattering in the degrader
and target, and trausverse momentum imparted to fragimentation products. We have not yel carried out a detailed
comparison of observed and expected widths.

8000 , )
. Figure 4. Histograms of measured
mo coordinate differences in the two
. 6000 matriz detectors for an approxi-
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4.2 Calibration of gains and offsets

T'he pulse haight, analyzers used for reading out the sighals from the matrix detector strips have small but
significant differences in thar gains and oflsets. In order to obtain precise encrgy loss information from the detector
these quantities need 1o be accurately determined for cach stiip.

Whenever a particle was analyzed in the SIS instrument during the calibration, signals were measured from all
of the matrix detoctor strips in the detector stack. I a normal event only a few strips have actually been stimulated,
and the pulse heights read out from the rest of the strips correspond to the oflscts of the clectronies used for those
strips. Thus the oflset for a strip can be determined by simply taking the mecan of a set of pulse heights measured
for that strip when it is not hit. (In flight, strip oflsets will periodically be measured on board and transinitted to
the ground.)

I'he intercalibration of pulse height analyzer gains is shmplified by the fact that cach good particle event stimu-
lates a strip on cach surface of the detector. 11 one sclects events which hit a particular strip on the front surface and
then compare the pulse height measured on this strip with that measured on whichever strip was hit on the back
surface, one can derive the gains of all the back-surface strips relative to the sclected front-surface strip. Reversing
the process and sclecting a particular strip on the back extends the calibration to the rest of the front-surface strips.
This procedure has the advantage that it is insensitive to thickness variations across the detector and to the identity
of the detected particle. The deterination of the absolute gain factor (a single munber for cach matrix detector) is
complicated by the fact that measured signals depend both on this gain and on the detector’s absolute thickness.

Iigure b shows a sct of relative gains derived for one of the matrix detectors using data obtained at GSI with an
56}ie heam which had been degraded in energy and frapimented to produce a wide range of nuclal stopping throughout
the SIS detector stack.

4.3 Detector thickness variations.

In order to achieve isotope resolution for heavy nucle it is necessary to deternnine precisely the path length of
cach particle through the detector in which the energy loss measurement. is made. The matrix detector thickness
varics significantly (at least several pereent) over the wafer swface, so it is necessary to measure these thickness
variations and correct for them in the analysis of the flight data,
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The active thickness (physical thickness minus dead layer thickness) can be derived from the cnergy losses mea-
sured for high energy particles which have ranges much larger than the matrix detector thickness. For these particles
dli/dx is essentially constant in traversing the matrix detector, so the measured energy loss, A4, is proportional 1o
the thickness. Figure 6 shows a map of mean cncrgy loss signals from one of the matrix detectors for 36 Ay mcla
with an energy of 60 MeV/nmcleon from the MSU cyclotron. The 1 MeV contour interval of this map corresponds to
a change in the active thickness by approximately 1.5 7an. Thus the overall active thickness variation of the detectors
is ~ b.5hyon, or 7% of the total thickness of this 77 gnn thick deviee. Maps such as the one in Figure 6 should allow
us Lo preciscly derive the detector thickness penetrated by cach particle.

4.4 Fmnergy resolution

In order to allow identification of those particles which stop in cither the scecond matrix detector or the first
cnergy-loss detector, it is necessary 1o use the matrix detector pulse heights to provide the dFs/dz mecasuraments.
While this use of the matrix detectors for energy loss mcasurcanents is sccondary to their use for trajectory deter-
mination, it is iimportant because it makes possible a significant reduction in the instrument’s energy threshold for
particle identification.

The gaps between strips on the matrix detectors are made narrow (40 an) in order to minimize the fraction
of the detector volume in which there may be a low clectrie field and associated loss of signal. In addition, since
pulse heights are measured from both surfaces of the detector, the two signals can be compared for consistency.
Figure 7 is a histogram showing the ratio of the pulse heights from the two surfaces of one of the matrix detectors
aller corrections have been made for the gains and offsets of all the strips. The distribution, which contains events
covering, a wide range of cdements and cnergies, has a full width at hall maximum of 0.6%. From this width of the
ratio distribution, we cstiiate that the energy loss in the matrix detector can be measured to an accuracy of <0.2%
whan the signals from the two swrfaces are averaged. This resolution should be adequate for measnring the masses
of nuclet stopping in the shortest ranges of the SIS instrument.

We have not yet mmeasured the mass resolution which can be obtained when using the inatrix detectors to provide
the cnergy loss measurciment. However, in Figure 8 we show a plot of the pulse height mmecasured in the sceond matrix
detector versus the total energy deposited in the energy loss stack for particles which stop in the stack. The matrix
detector pulse heights have been corrected for diflerences in relative gain, but no correction has been made for
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thickness variations of thenatrix detector. The plot clearly shows eleinent tracks for the prismary iron beam and for
a varicty of lighter clements that were produced by fraginentation. Such charge measurements will be useful both
for identifying, particles at the low end of the SIS encrgy range and for cnabling intercomparison with other signals
from other detectors for backgronnd rejection.
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Figure 8. A1 vs. total encrgy plot using the signal from the sccond matriz detector as Als. The matriz
deleclor signals have been corrected for gain and offset differcnces between the strips, and the signals Jrom
the two surfaces of the detector have been averaged. No correction has been made for thickness variations of
the matrix delector. The total encrgy signal is obtained by summing the signals from all of the detectors in
the energy loss stack. The dron track includes particles stopping atl all depths in the stack. A cul has been
made 1o climinate particles which penctrate the entive stack. Ilemend tracks can be seen for the primary

wron beam and for fragments produced from it. The ovigin of the data gap near the high-encrgy end of the
on lrack is cwrvently being investigated.

4.5 Cross-talk between strips

Because the matrix detector strip pitch (1 nnn) is significantly greater than both the gap between strips (40 nn)
and the detector thickness (704 20 yan), most particles passing through the detector should produce a signal on only
a single strip on cach surface. However, as discussed above (Section 2.2) the finite resistance between strips can cause
somc leakage of charge from the hit strip to adjacent strips during the time it takes for the charee sensitive amplifier
to respond. To check the size of this eflect we have looked at the pulse heights measured on the strips adjacent 1o
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the hit st ip for some of the heavy ion €V s collected during the MSU and GS1 accelerator runs, In one test that
was done using, a detector K nowiito have relatively low interst i) resistar ices (~ 1001{0) we¢ were able Lo observe a
stall et cenitlevel) charge leakage. In the higher resistanice detect ors that have been scl ceted for fligh It theeflect is
clearly less, A preliminary analysis of 1 i¢ bear 11 data fron GSlindicates that the typical charge leakage to adjacent.
strips is <0.2%.

5. PRESENT STATUS

The Solar lsotope Spectrometer has now been fully assanbled and is scheduled for instrument-level environ-
MG tal testing (vibration and thern 1al-vacuum) and then delivar y to the ACE spaceerafl team at the J ohns Hopkins
University Applied Physics Laboratory in September 1996. ACIS is scheduled for launchi in August 1997 into a halo
orbit about the 1,1 1 .agrangian point in the Sun Jarth system, 1.5 nillion kilonneters sunward from the 1arth,

We are comtinuing the analysis of accelerator calibration data and will be doing further testing of spare matrix
detectors in order o assure the availability of replacements for those in the flight instrument, should that become
necessary, Micron Semiconductor is in the process of fabricating additional detectors using a slightly modified design
which may hdp improve the yield of matrix detectors havinug, good isolation between strips.
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